Fetal Pig Skin in Organ Culture in Dermatologic Investigation*  by Chang, Lennig W. & Maibach, Howard I.
INTRODUCTION
Fetal pig skin has not been utilized pre-
viously in organ culture studies. Avian, other
mammalian (mouse, rat and guinea pig), and
human skin have been utilized in this experi-
mental model (1—5). In comparison to avian
and the other mammalian skin noted above,
the domestic pig most closely resembles human
and microscopically. Its relative
is an important characteristic
human skin. In comparison to
skin, it is perhaps more readily
obtained for experimental use, and its growth
and survival requirements are less demanding.
This paper describes our experience with
fetal pig skin and mucous membrane as a
substrate for organ culture experiments in
dermatologie investigation.
EXPERIMENTAL MATERIALS AND METHOD5
Obtaining the skin and mncou.s membrane
explants. Domestic sow uteri were procured
from the local abattoir.' Four hours elapsed
between the removal of the uterus from the
sow and the placing of the skin and mucous
membrane explants in vitro. Until cultured,
the tissues were refrigerated at 4° C. Under
aseptic conditions, the embryos were extracted
from the uterus, and 4 mm square explants of
skin were dissected from the dorsum of the
fetuses. Mucous membrane explants of the
upper palate were obtained with a 4 mm cu-
taneous punch biopsy instrument.
Culture method. The explants were placed,
epidermal surface up, on tea bag paper and
laid on stainless steel grids similar to the Trowell
method (6). The grids were contained in a 65 mm
diameter Falcon plastic petri dish filled with
chemically defined media (media 199 with sodium
bicarbonate), with or without various concentra-
tions of horse serum, to just wet the tea bag
paper's surface (Fig. 1). Clot cultures were ar-
ranged according to the method of ShatTer (7).
Each clot consisted of 0.5 cc chicken plasma and
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0.5 cc embryo extract. All cultures contained
potassium penicillin G (1000 U/cc) and strepto-
myein sulfate (0.5 mg/ce).
The dishes were placed in airtight boxes with
inlet and outlet tubes for gassing; the boxes in
turn were set in an incubator adjusted to a tem-
perature of 35—37° C. Various gas mixtures were
pumped via the inlet tubes of the boxes after
first passing through sterile water for humidifica-
tion. Each box was flushed with the gas mixture
one-half hour twice daily Media and clots were
changed every 3rd day.
pH measurements. On each media change day,
the pH of the discarded media was measured by
a Beckman Zeromatic II pH meter.
Storage of skin before experimental use. Tissue
was placed in a large petri dish containing chemi-
cally defined media with added penicillin and
streptomycin. The dish was refrigerated at 4° C.
When ready for use, the skin was processed as
usual.
Preparation of hydrocortisone treated explants.
Hydrocortisone as hydroeortisane sodium sucei-
nate' [(Solucortef®, Upjohn Company, Kalamazoo,
Michigan)] was dissolved in sterile distilled water,
and made up to a final concentration of 7.5 pg/cc
in the chemically defined media. Fresh hydro-
cortisone solutions were made on each media
change day.
His to logy and autoradiography. Sample explants
were harvested after 1, 3, 5, 7, and 9 days and
fixed in 10% formalin prior to preparation for
routine H and E sections. Several hydrocortisone
treated explants and controls in media 199 + 20%
horse serum were transferred to dishes containing
1 pc/ce (specific activity le/14 mM) thymidine
H,. The latter dishes had a 1 cm diameter well
the bottom of which was covered with a shallow
film of media containing the thymidine H,. After
4 hours exposure to radioactive thymidine, the
specimens were fixed in formalin-acetie acid for 6
hours, and transferred to 70% alcohol. After fixa-
tion, the specimens were dehydrated and oriented
in paraffin blocks in the usual manner and sections
5 micra in thickness were cut. Following mounting,
the slides were dipped in Kodak NTB-2 emulsion,
developed after 10, 17, and 21 days, stained with
Mayer's haematoxylin, and counterstained with
eosin bluish aqueous.
RESULTS
The study comprised 7 separate experiments
which included 255 skin and 12 mucous mem-
Supplied as Solueortef®, Upjohn Co., Kalama-
zoo, Mieb.
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FIG. 1. Skin explant resting on the metal grid, in ehemicaliF defined media
brane explants from pig embryos varying in
crown-rump length from 10—14 cm. Initial ex-
periments were devised to ascertain the media
and gas phase most suitable for explant growth
and survival. Once the most suitable conditions
were established, the explants were then tested
for survival under various conditions, i.e.,
hydrocortisone treatment and storage at 4°C
before culture (Table 1).
1. Media and varying concentrations of horse
serum. Skin explants were cultured in media
199 alone, media 199 supplemented with
five different concentrations of horse serum
(1%, 10%, 15%, 20%, and 40%), and chicken
plasma clots with embryo extract.
Skin removed at '0' time demonstrated one
layer of orderly arranged basal cells. Over-
lying this were 3—5 layers of vaeuolated cells in
a basket-weave pattern. A marked characteris-
tic of the dermis was numerous immature
fibroblasts. A few primordial hair follicles
were present. Scattered melanocytes were seen
in both the basal cell layer and at the base of
the follicles. There was a sparse matrix of
collagen fibers in the dermis. Vascular tissue
and extravascular red blood cells were scat-
tered throughout the corium (Fig. 2).
Obvious change compared to the '0' day
skin was noticed after 3 days in culture. All skin
grown in the 3 different media showed a
thicker, multilayered epidermis and an eosin-
ophilic band in the stratum corneum. Hair
follicles were more developed at 3 days than
the '0' day control. The epidermis was most
hyperplastie and the developing hair follicles
most prominent with media containing horse
serum; the media supporting the least prolifer-
ation was media 199 alone.
At 7 and 9 days, the changes mentioned
above were more exaggerated. Skin explants
cultured in media 199 + 1% horse serum
showed no obvious differences compared to
tissue cultured in media 199 alone. However,
with horse serum concentrations of 10% or
greater, the skin explants demonstrated a
greatly hyperplastic and differentiated epi-
dermis and dermis at 7 and 9 days. Accelerated
growth and differentiation were noticed first
in the dermis and its appendages, and shortly
thereafter in the epidermis. Mitoses were fre-
quent in the basal cell layer. Epidermal cells
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TABLE I
Experiment
Number
of
Specimens
Media 199
Media 199
20% clot Hydro-cortisone
7.5 Isg/cc
97%
02/5%
COs
95%
Os/5%CO
Air
Parameter study I 7
85
18
+
+
+
+
+
+
Parameter study II 8
27
26
+
+
+
+
+
+
Parameter study III 6
6
6
+
+
+
+
+
+
Hydrocortisone 54 + + +
Autoradiographs:
Thymidine-H3 uptake
4
4
+
+ +
+
+
Pre-culture refrigera-
tion at 4°C
4 + +
Mucous membrane 12 + +
FIG. 2. Skin explant at '0' time. 250 X
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FIG. 3. Skin explant cultured in media 199 for 6 days. 250 ><
appeared to proliferate in depth as well as
laterally; there was no mistaking this picture
as simply migration of cells. The eosinophilie
keratin-like band was now thicker and more
prominent, probably representing formation of
stratum corneum; the periderm has been
totally sloughed (Figs. 3—5).
The higher the concentration of horse serum,
the greater the effect. Optimal response ap-
peared in cultures containing 20% horse serum.
With a concentration of 40% scmm, there oc-
curred cncystmcnt of the dermis by the epi-
dermis, the phenomenon referred to as epiboly.
By 7 days the encysted dermis demonstrated
central necrosis. The entire epidermis became
parakeratotic, being more pronounced on the
undersurface of the explant. Seemingly, at this
concentration of horse serum, growth was so
stimulated that premature death occurred.
2. Gas phases. The 3 gas phases studied
were: air, 95% 02/5% CO2, and 97% 02/3%
CO2. Although there was no apparent dif-
ference histologically between the tissues grown
in the oxygen-containing gas phases, the aver-
age pH of the media in 97% 02/3% CO2 was
8.03 (standard deviation 0.03) at 2 days and
7.85 (standard deviation 0.04) at 6 days. Re-
spective average pH values with 95% 02/5%
CO2 were 7.75 (standard deviation 0.14) and
7.30 (standard deviation 0). The skin cul-
tured in the air atmosphere not only failed to
show evidence of growth and differentiation,
but also appeared to be degenerating. The
basal cell layer was disoriented, numerous
pyknotie cells were present in the dermis, and
there was increased epidermal cell vacuolation.
Because of the more physiologic pH obtained,
the 95% 02/5% CO2 gas phase was used for the
subsequent experiments.
3. Hydrocortisone treated skin. Hydrocor-
tisonc sodium succinate was made up to a
final concentration of 7.5 tg/cc in media 199
+ 20% horse serum. At 3 days, there was no
appreciable difference between the untreated
and hydrocortisonc treated skin. However, by
the 5th and 7th days in culture, the epidermis
of the hydrocortisonc treated skin was defi-
nitely thinner than the controls, and the dermis
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FIG. 4a. Skin explant cultured in media 199 + 20% horse serum for 6 days. 22 )<
Fm. 4b. Same specimen as in Figure 4a at higher power. 250 ><
contained noticeably fewer hair follicles (Fig.
6). Although the older explants in hydrocorti-
sone demonstrated a less proliferative epider-
mis and dermis, they appeared more resistant
to nonspecific degenerative changes seen
frequently in the comparable controls. For
instance, the 9 day old controls showed many
sloughing, vaeuolated cells in the upper epi-
dermis and pyknotie cells scattered in a
slightly disorganized stroma. However, after
9 days in culture, the hydrocortisone treated
explants appeared intact.
4. Autoradio graphic demonstration of thy-
midine-H3 uptake. The uptake of thymidine-
H3 by nuclei is a reliable indicator of cellular
ability to synthesize DNA. Skin explants,
treated and untreated with hydrocortisone,
satisfied this criterion as late as 9 days in
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FIG. 5. Skin explant cultured on a chicken plasma clot for 6 days. 250 )<
culture. Uptake was predominantly in the
basal cells of the epidermis and of the outer
root sheath of the hair follicles (Fig. 7).
5. Storage of skin at 40 C. Skin was refrig-
erated in media 199 + 20% horse serum with
added penicillin and streptomycin for up to
3 days in 40 C. When ready for culture, the
explants were transferred to fresh media and
incubated as usual. Growth and viability
histologically were observed after 3 and 6 days
in culture (Fig. 5).
6. Mucous memb cone cultures. At '0' time,
the mucous membrane of the upper palate
demonstrated an undulated surface both histo-
logically and grossly. This undulated pattern
was present down to the basal layer of cuboidal
cells with rounded, darkly basophilic nuclei.
Above the latter layer were 10—12 layers of
stratified squamous epithelium with a basket-
weave pattern. There was an abundance of
fibroblasts in the highly reticulated connective
tissue layer (Fig. 9). After 3 days in culture,
5—6 layers of flattened epithelial cells had de-
veloped beneath the basket-weave cells which
were beginning to slough. The undulations
had disappeared. The basal layer of cells was
less distinct (Fig. 10). In explants cultured
beyond 3 days, there was rapid degeneration.
COMMENTS
The foregoing experiments establish the
feasibility of short term organ culture of fetal
pig skin. There is little question that the skin
not only survives, but also proliferates and
differentiates in vitro, even after preserving
the tissue at 40 C for up to 3 days. Cultiva-
tion of adult human skin in our hands show
less convincing results regarding growth, and
sometimes, even survival. Review of attempts
to cultivate human skin by others (5, 8—11)
reveal that tissue viability was usually deter-
mined only by the histological picture. In one
study, the human skin explant was transplanted
back to the host successfully, corroborating its
viability and functional competence (11).
Histochemical analysis has generally been
lacking, for instance, autoradiographic studies
to determine thymidine uptake of nuclei.
r
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FIG. 6. Hydrocortisone treated skin alter 7 days in culture. 250 X
FIG. 7. Hydrocortisone treated skin after 9 days in culture showing uptake of thymidine
H 250 X.
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Fro. 10. Mucous membrane explant cultured in media 199 + 20% horse serum for 3
days. 250 X.
Epiboly, the encapsulation of the dermis by
epithelium, which is an inevitable event in
the organ culture of human skin, has been used
as a criterion of growth. Let alone the issue
of whether epiboly represents growth or sim-
ply epithelial cell migration, one must answer
the more important question of the physiologic
normality of this in vitro situation. As a
matter of fact, total encapsulation of the der-
mis limits survival, as seen in the described
organ culture system of fetal pig skin using
a high concentration of horse serum in the
media. That epiboly eventuates into prema-
ture death of the organ has also been demon-
strated by Medawar (11). Is this functional
competence?
That epidermal cells should migrate over
the undersurface of the dermis is not an un-
expected event in light of the previous experi-
ments demonstrating the interdependence of
epitbelial and mesenebymal tissues (12—15).
Although direct contact of epidermis to der-
mis is not necessary for epidermal prolifera-
tion and differentiation, the closer the tissues
are to each other, the more normal is de-
velopment of the epidermis. Self -encystment
of the dermis in vitro will lead to dermal ne-
crosis unless the follicle epithelium breaks
through on the dermal surface (11). Because
of the interdependence of mesenebymal and
epithelial tissue, a necrotic dermis should
eventually lead to degeneration of the whole
organ.
With lesser concentrations of horse serum
there was a corresponding decrease in cell
proliferation, and also minimal or no epiboly
was observed. This is not to say that accel-
erated growth and differentiation per se cause
epiboly and premature death in vitro, but
it may mean that nutrition and other sup-
porting functions of the outer epidermal cells
by the dermis becomes more difficult with
increasing thickness of the epidermis. Hence,
as an adaptive measure in vitro, epidermal
cells begin to migrate adjacent to dermis not
yet covered by epidermis. This hypothesis for
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explaining the development of epiholy in or-
gan culture allows the interplay of various
factors; not only growth-promoting substances
in the media, but factors inherent in the tissue
as well. Such tissue factors include the ability
of the dermis to support the epidermis in
vitro, or the in vitro requirements of the epi-
dermis for survival. These abilities and re-
quirements are probably species-dependent,
and perhaps may explain why human skin
develops epiboly more readily in vitro than
avian or other mammalian skin. Tn other
words, human epidermis is so fastidious in its
nutritive requirements that it may have to
take extreme adaptive measures to survive in
vitro.
Short of epiboly, the hyperplastie and rap-
idly differentiated tissue may be an objec-
tionable physiologic state for valid experi-
mentation. If this is a problem, one can
control the degree of hyperplasia and differentia-
tion by selection of media and other factors
that influence growth and differentiation such
as hydroeortisone. The latter compound re-
peatedly has been shown to inhibit flbroblasts
(15), and epithelial (16, 17) and lymphoeytie
cell (18) proliferation presumably by its sup-
pression of DNA synthesis. Weissmann and
Fell (2) demonstrated the "protective" action
of hydroeortisone on mouse skin in organ
culture irradiated with TJYL. It was hypoth-
esized that hydroeortisone stabilizes lysosomes.
These two mechanisms of hydroeortisone,
stabilization of lysosomes and suppression
of DNA syntbesis, combine to inhibit cell
modification in vitro. Thus, the process of cell
regeneration and degeneration is slowed; the
skin's survival in vitro is prolonged. Further-
more, Gillette (3) has shown that with ster-
oids, the functional competence of skin in
vitro is retained.
SUMMARY
The short term organ culture of fetal do-
mestic pig skin and mucous membrane is de-
scribed. The technique is feasible and the re-
sults favor their use as a valid experimental
model. The cultured skin explants appeared
healthy, and growth and differentiation were
established by various criteria. The skin could
still be satisfactorily grown after 72 hours in
storage at 4° C.
A gas phase of 95% 02/5% CO2 resulted
in a more physiologic media pH compared to
97% 0,/3% CO2 or room air. Chemically de-
fined media (media 199) compared favorably
to embryo extract-chicken plasma clots.
Among the varying concentrations of horse
serum added, 20% appeared optimal for
growth and differentiation. Forty percent pro-
duced premature death whereas 1% added
horse serum had no different effect compared
to the media 199 alone. Hydroeortisone at 7.5
jig/ce enhanced survival significantly com-
pared to the controls.
It is suggested that epiboly (the total en-
capsulation of the dermis by epidermis in
vitro) is an important limitation to the organ
culture model, and that one of the factors that
may lead to epiboly (growth-promoting sub-
stances) can be controlled with steroids and
selection of media.
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